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Objective
To determine which patient factors affect the degree of catab-
olism after severe burn.

Summary Background Data
Catabolism is associated with severe burn and leads to ero-
sion of lean mass, impaired wound healing, and delayed reha-
bilitation.

Methods
From 1996 to 1999, 151 stable-isotope protein kinetic studies
were performed in 102 pediatric and 21 adult subjects burned
over 20–99.5% of their total body surface area (TBSA). Pa-
tient demographics, burn characteristics, and hospital course
variables were correlated with the net balance of skeletal
muscle protein synthesis and breakdown across the leg. Data
were analyzed sequentially and cumulatively through univari-
ate and cross-sectional multiple regression.

Results
Increasing age, weight, and delay in definitive surgical treat-
ment predict increased catabolism (P , .05). Body surface
area burned increased catabolism until 40% TBSA was
reached; catabolism did not consistently increase thereafter.
Resting energy expenditure and sepsis were also strong pre-
dictors of net protein catabolism. Among factors that did not
significantly correlate were burn type, pneumonia, wound
contamination, and time after burn. From these results, the
authors also infer that gross muscle mass correlates indepen-
dently with protein wasting after burn.

Conclusions
Heavier, more muscular subjects, and subjects whose defini-
tive surgical treatment is delayed are at the greatest risk for
excess catabolism after burn. Sepsis and excessive hyperme-
tabolism are also associated with protein catabolism.

The hypermetabolic response to severe burn trauma and
sepsis is associated with increased energy expenditure and
energy substrate release from protein and fat stores.1–11

After burn, protein is catabolized, which leads to a loss of
lean body mass and muscle wasting.12–17 Wilmore et al10

demonstrated that metabolic rate was proportional to body
surface area burned. Other investigators, however, have not

consistently shown correlations between burn size or other
patient characteristics with either hypermetabolism or skel-
etal muscle proteolysis.2,3,10 In this study, our aim was to
determine those patient characteristics that are predictive of
the extent of skeletal muscle catabolism after burn using
sensitive modern stable isotope techniques. Such knowl-
edge can direct metabolic therapy to those burn victims at
highest risk for impaired wound healing, increased infec-
tious complications, and delayed rehabilitation.

METHODS

The analyses presented here are based on 123 burn sub-
jects who underwent treatment and metabolic studies at the
Shriners Burns Hospital for Children—Galveston and The
University of Texas Medical Branch—Galveston from
March 1996 to November 1999. These subjects were part of
several discrete research projects12–17carried out during this
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time. Study designs for the projects were similar in nature, and
each was performed under a University of Texas Medical
Branch Institutional Review Board-approved protocol. In-
formed written consent was obtained from each patient or each
patient’s guardian before enrollment into the particular study.

Subjects and Clinical Care

All subjects were admitted to the Shriners Burns Hospital
for Children or the Truman Blocker Burn Unit at the Uni-
versity of Texas Medical Branch in Galveston, TX, and all
were treated in an identical manner by the same team of
three burn surgeons. Standard treatment included early ex-
cision of the burn wound, systemic antibiotic therapy, and
continuous enteral feeding.18 Within 36 hours of admission,
each patient underwent total burn wound excision and graft-
ing with autograft skin and allograft. Patients returned to the
operating room when autograft donor sites healed and be-
came available for reharvest (usually 6–10 days). Sequen-
tial staged surgical procedures for repeat excision and graft-
ing were undertaken until the wounds were healed.

Each patient received enteral nutrition via nasoduodenal
tubes with Vivonex TEN (Sandoz Nutritional Corp., Min-
neapolis, MN). The composition of Vivonex is 82% carbo-
hydrate, 15% protein, and 3% fat. Daily caloric intake was
given at a rate calculated to deliver 1500 kcal per square
meter of total body surface area (TBSA) burned1 1500
kcal per square meter TBSA. This feeding regimen was
started at admission and continued at a constant rate until
the wounds were healed. Caloric intake remained constant
throughout the stable isotope infusion periods.

Patients were on bed rest for 5 days after excision and
grafting procedures, and ambulated daily thereafter until the
next excision and grafting procedure. Of the 123 subjects,
28 were studied twice.

Outcome Measures

The net balance of protein synthesis and breakdown across
the leg was taken as the main outcome measure of skeletal
muscle protein catabolism. This served as the primary depen-
dent variable for our statistical models. Metabolic rate, mea-
sured as resting energy expenditure (REE), was determined
concurrently with each protein kinetic study, and this value
was compiled along with net balance for statistical analysis.

Independent Variables

The subject demographic variables and hospital course
factors listed in Table 1 were recorded. Inhalation injury
was defined as evidence of airway injury on bronchoscopy
done before the first operation. Body mass index is a value
derived from the subject’s weight (kg) divided by the
height2 (m2). We defined wound contamination by quanti-

tative cultures of.105 organisms/g of tissue taken surgi-
cally or by punch biopsy at the time of the preceding
operation. Pneumonia was diagnosed by presence of a new or
changing infiltrate on chest radiograph when accompanied by
purulent sputum, fever, tachypnea, and leukocytosis.

Sepsis was defined using two different methods (Table 2).
The first, used by burn clinicians,18–20defines enteral feed-
ing intolerance as the inability to tolerate enteral feedings
because of abdominal distention, high gastric residuals
of .150 cc3/hour, or uncontrollable diarrhea (.100 cc3/24
hrs). The second is a modification of the criteria established
by the American Association of Chest Physicians/Society of
Critical Care Medicine (AACP/SCCM) Consensus Confer-
ence of 1992.21 The heart rate and respiratory rate param-
eters were adjusted for age due to the wide spectrum of
age-specific normal values encompassed by the subjects
included in this study.

Table 1. EVALUATED CLINICAL
VARIABLES

Admission
Demographics

Hospital Course
Variables

Age Time to 1st excision
Sex Days after burn at study
Height Metabolic rate
Weight Sepsis
Burn type Pneumonia
% TBSA burned Wound contamination
% 3rd degree burn Serum creatinine
Inhalation injury Serum prealbumin
Body mass index Mechanical ventilation

% of study leg burned

TBSA, total body surface area.

Table 2. DEFINITIONS OF SEPSIS

Burn Sepsis Modified AACP/SCCM Sepsis

At least 3 of the following: At least 2 of the following:
T .38.5 or ,36.5°C T .38.5 or ,36.5°C
Progressive tachycardia HR .20% above NL for age
Progressive tachypnea RR .20% above NL for age

or PaCO2 ,32 torrWBC .12,000 or ,4,000
WBC .12,000 or ,4,000Refractory hypotension

ANDThrombocytopenia
Bacteremia or fungemiaHyperglycemia
Pathologic tissue source

identified
Enteral feeding intolerance

AND
Pathologic tissue source

identified

AACP/SCCM, American Academy of Chest Physicians/Society of Critical Care
Medicine; HR, heart rate; NL, normal; RR, respiratory rate; WBC, whole blood cell
(count).
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Stable Isotope Methodology

Study Logistics and Mechanics

The degree of protein catabolism was quantified using
stable isotope tracers. Protein kinetic studies were per-
formed beginning between 5 and 7AM on postoperative day
5 from one of the sequential staged excision and grafting
procedures. All stable isotope studies consisted of a 5-hour
infusion of d5-Phenylalanine, as previously described.12–17

Briefly, baseline blood samples were obtained from an
indwelling femoral arterial or central venous catheter for
background amino acid enrichment and systemic indocya-
nine green concentrations. A primed-constant infusion of
L-[ring-2H5]-phenylalanine was given through a central ve-
nous catheter for 5 hours using a priming dose of 2mmol/kg
followed by 0.08mmol/kg/min. Because phenylalanine is
neither synthesized nor degraded in the peripheral tissues (it
is metabolized only in the liver), measurement across the leg
reflects the net balance of protein synthesis and breakdown.
Between hours 3 and 4, leg blood flow was determined by
indocyanine green infusion into a femoral artery. Blood
samples were taken simultaneously from the right and left
femoral veins for this determination. Between hours 4 and
5, blood samples were obtained from the femoral artery and
ipsilateral femoral vein to determine arteriovenous phenyl-
alanine concentration differences across the leg.

Analysis of Blood Samples

The blood concentration of unlabelled phenylalanine was
determined by gas chromatography—mass spectrometry
(GCMS) using the internal standard approach and the
nitrogen-acetyl-n-propyl esters, as previously described.22

Briefly, 2 mL of whole blood was immediately mixed with
200 mL of internal standard containing 29.7mmol/L of
[13C6] phenylalanine. The samples were deproteinized with
sulfosalicylic acid and centrifuged, and the supernatant was
processed to form nitrogen-acetyl-n-propyl esters. The iso-
topic enrichment of free amino acids in blood was deter-
mined on an HP Model 5989 (Hewlett-Packard Co., Palo
Alto, CA) by chemical ionization and selected ion monitor-
ing at mass-to-charge ratios of 250:1, 255:1, and 256:1.
Finally, indocyanine green concentrations were determined
spectrophotometrically atl 5 805 nm on a Spectronic 1001
(Bausch and Lomb, Rochester, NY).

Calculations

Because phenylalanine is neither synthesized nor degraded
in the periphery, the difference in concentration of this sub-
strate in the femoral arterial and venous plasma pools reflects
the net balance of leg skeletal muscle protein synthesis and
breakdown. The net balance (NB) was calculated and stan-
dardized for leg volume by the following equation:

NB 5 (CA 2 CV) z BF

where CA and CV are the blood free amino acid concentra-
tions of the femoral artery and vein, and BF is leg blood

flow in cc/min/100 mL leg. Leg blood flow was determined
from the following modification of Fick’s equation:

Infusion Rate5 (CF 2 CC) z BF

where CF is the femoral venous concentration of indocya-
nine green and CC is the central (contralateral femoral)
venous concentration of indocyanine green. With the infu-
sion rate set at 0.5 mg/min, the equation was solved for leg
blood flow (BF). As indicated above, BF was normalized
for each patient by leg volume. Subject weight, leg circum-
ference at prescribed points relative to anatomical land-
marks, and the distances between these points were used to
mathematically model leg volume.

Indirect Calorimetry

Resting energy expenditure (REE) was measured using a
Sensor-Medics 2900 metabolic cart (Yorba Linda, CA). All
indirect calorimetry measurements were made at 30°C,
which is the standard environmental setting for all patient
rooms in both our adult and pediatric acute burn ICUs.
Composition of inspired and expired gases were sampled
and analyzed at 60-second intervals. Values of VCO2, VO2,
and REE were accepted when they were at a steady state for
5 minutes. The average REE was calculated from these
steady-state measurements.

For statistical comparison, energy expenditure was ex-
pressed both as absolute REE and as the percentage of the
basal metabolic rate predicted by the Harris-Benedict equation.

Statistical Analysis

Univariate and multiple regression analyses were used to
determine the factors influencing catabolism over the natu-
ral course of burn injury and its altered pathophysiologic
state. The influences of each of the variables listed in Table
1 on the rate of protein catabolism were separately deter-
mined by univariate analysis. Backward stepwise selection
was employed to find the group of patient factors that best
predicted catabolism. In the first step, all factors with a
correlation coefficient (r value) of.0.10 by univariate
linear regression were entered into the multiple regression
model. At each subsequent step, the factor with the largest
estimated coefficient of variation was removed until only
those variables that were significant remained.

All variables that did not significantly correlate with protein
net balance by univariate linear regression were further ana-
lyzed. For each of these patient factors, a simple scatter plot
was generated (independent variable of interest vs. protein net
balance) to see if significant but nonlinear associations with the
rate of catabolism were present. When appropriate, Studentt
tests, one-way, repeated-measures ANOVA with Tukey cor-
rections for multiple comparisons, and nonlinear regressions
were used to determine differences and correlations. If no
correlations were apparent or no differences were detected
after this further analysis, the variable of interest was deemed
to be unrelated to the catabolic response after burn. Statistical
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software (SigmaStat and SigmaPlot, SPSS, Chicago, IL) was
used to perform all analyses.

RESULTS

Data from 151 muscle protein studies done in 123 sub-
jects were collected for analysis. Subject demographics are
shown in Table 3. The results from the univariate linear
regressions are listed in Table 4. Age, sex, height, and
weight were all significant predictors of catabolism with
negative correlation coefficients, indicating a direct rela-
tionship between the magnitude of the independent variable
and the extent of catabolism (negativenet protein balance).
Burn size (%TBSA) and metabolic rate (measured both in
terms of absolute REE and as the percentage of the basal
metabolic rate predicted from the Harris-Benedict equation)
also achieved significance by linear correlation. The strongest
single predictor of catabolism was sepsis. The “burn clinician”
diagnosis of sepsis correlated more strongly with negative
protein balance than sepsis defined by the AACP/SCCM Con-
sensus Conference. In 32 of the 151 studies, the subject un-
dergoing study fulfilled the criteria for both sepsis definitions;
in eight instances, the subject fulfilled only the burn sepsis
definition, and in 11, only the AACP/SCCM definition.

Serum creatinine also demonstrated a significant correla-
tion with negative net protein balance; however, none of
these 123 subjects was in renal failure at the time of study,
and in only one instance was the subject’s serum creatinine
over 1.3 mg/dL.

Variables that were not significant independent predictors
of a greater degree of catabolism by univariate regression
included body mass index (weight/height2, gross anthropo-
metric measure of body fat content), increasing time after
burn, burn type (flame, scald, or electrical), area of full-
thickness (third degree) burn, area of burn on the study leg,
inhalation injury, pneumonia, severe wound contamination,
mechanical-assisted ventilation at the time of study, serum
prealbumin, and time to excision (Table 4B).

We constructed a multiple regression model to determine
the best statistical representation of the catabolic process
after burn. In this model, we found the five most significant
variables in determining the magnitude of the catabolic
response to severe burn were admission weight, percentage
of TBSA burned, metabolic rate expressed as the percentage
of the predicted energy expenditure, time from burn to the

primary excision of the wound, and burn sepsis. The equa-
tion describing this relationship follows:

Net Balance5 0.0537

2 ~0.000460z Admission Weight!

2 ~0.000329z % TBSA Burned!

2 ~0.000631z Time to Primary Excision!

2 ~0.0234z % Predicted REE!

2 ~0.0726z Burn Sepsis!.

This equation predicted the magnitude of the catabolic
process with a correlation coefficient (r) of 0.71, which
implies that these factors were able to account for 50% of
the variability (r2 5 0.504) in the actual net balance values.

Figure 1 shows how weight upon admission, stratified in
30-kg increments, affects catabolism. Figure 2 shows that
after reaching a burn size of 40% TBSA, there is no further
consistent increase in protein catabolism. The effect of
delay in primary excision of the burn wound is delineated in
Figure 3. Figure 4 depicts the correlation between catabo-
lism and measured energy expenditure, expressed as a per-
centage of the predicted basal metabolic rate.

Table 3. SUBJECT DEMOGRAPHICS

No. of subjects 123
Sex 78M/45F
Age (years) 11.2 6 1.0 (range: 6 months–58 years)
Total burn size (% TBSA) 53 6 1.5 (range: 20–99.5%)
% Full-thickness burn 41 6 1.9 (range: 0–99%)

TBSA, total body surface area.
Data presented as mean 6 SEM.

Table 4. CLINICAL FACTORS

Variable R
P

value

Factors Predictive of
Catabolism

At Admission Age 20.23 .004
Male sex 20.17 .043
Height 20.29 ,.001
Weight on admission 20.29 ,.001
% TBSA burn 20.20 .013

Hospital Course Study weight 20.25 .002
Serum creatinine 20.24 .004
Absolute REE 20.40 ,.001
% Predicted REE 20.45 ,.001
Presence of sepsis

Burn 20.60 ,.001
AACP/SCCM 20.31 ,.001

Nonpredictive Clinical
Factors

At Admission Body mass index 20.12 .15
Burn type 0.07 .40
% 3rd degree 20.12 .37
Inhalation injury 20.03 .69
% of study leg burned 20.06 .32

Hospital Course Time to excision 20.15 .06
Pneumonia 20.05 .51
Wound contamination 20.11 .16
Prealbumin 0.10 .29
Days postburn 20.13 .12
Mechanical ventilation 0.06 .45

AACP/SCCM, American Academy of Chest Physicians/Society of Critical Care
Medicine; REE, resting energy expenditure; TBSA, total body surface area.
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Marked differences in both metabolic rate and protein
kinetics were present between septic and nonseptic states.
During septic episodes, subjects were more hyperthermic
and more likely to experience hypotension, hyperglycemia,
enteral feeding intolerance, and thrombocytopenia. They
required vasoactive pressors and exogenous insulin more
often than subjects studied during nonseptic periods (P ,
.05). During sepsis, quantitative tissue counts were higher,
and the subjects were more likely to have had a positive
blood, urine, or sputum culture. It is notable that individuals
meeting our criteria for burn sepsis had positive blood
cultures only 50% of the time. Subjects diagnosed with
sepsis by the AACP/SCCM standards all had bacteremia or
fungemia, but almost one fourth did not meet the burn
definition of sepsis at the time of study. During episodes of
sepsis determined by either set of criteria, there were mark-
edly higher rates of energy expenditure and protein catab-
olism than during nonseptic episodes (Fig. 5).

The effect of age on protein catabolism is illustrated in
Figure 6. Clearly, infants do not mount the same catabolic
response that older subjects do. The peak age range for
protein catabolism is not the most aged group that we
studied, but rather the individuals from age 17 to 39—those
who were presumably at their peak in terms of physical
stature and muscle mass.

A greater degree of protein catabolism appeared in
males than in females (Fig. 7). Reexamination of our
demographic data revealed no differences in burn size,
timing of excision, or incidence of sepsis between males
and females. The male subjects included in this study,
however, were older (male age 13.26 1.4 years vs.
female age 7.86 1.0 years,P , .01), heavier (436 3 kg
vs. 28 6 3 kg, P , .01), and had a higher serum
creatinine (0.566 0.04 vs. 0.366 0.02,P , .01). These
confounding variables may explain these differences
apart from gender.

Table 5. DIFFERENCES AMONG STUDIES PERFORMED IN NONSEPTIC AND IN SEPTIC
SUBJECTS

Nonseptic (N 5 100) Burn Sepsis (N 5 40) AACP/SCCM Sepsis (N 5 43)

Average SEM Average SEM Average SEM

Demographics
Age 11.1 1.2 13.0 1.8 12.7 1.7
Sex 60M/40F 30M/10F 30M/13F
Burn size (% TBSA) 49.7 1.9 59.6 2.9 62.0 2.8
Admission weight (kg) 35.7 2.7 43.4 4.4 43.7 4.1

Metabolic Status
Resting energy expenditure (kcal/day) 1555 71 2154 146 2123 138
% of predicted energy expenditure 135 4 177 6 171 6
Temperature (°C) 38.3 0.1 39.2 0.1 39.2 0.1

% With Abnormal Physiologic Values
HR .120% of normal for age 97 100 100
Progressive tachycardia 6 88 77
RR .120% of normal for age 98 100 100
Progressive tachypnea 3 75 67
Hypotension (SBP ,90) 0 50 35
Receiving vasoactive pressors 0 38 26
Hyperglycemia (BG .200) 16 60 53
Receiving exogenous insulin 8 48 40
Leukocytosis or leukopenia 84 93 93
Thrombocytopenia (PLT ,100,000) 10 50 42
Enteral feeding intolerance 18 58 49
Positive blood culture within 72 hrs 8 50 100
Positive sputum culture 22 50 47
Positive urine culture 9 28 30
Appears “septic” per clinician 0 100 74

Quantitative Tissue Cultures
Log Count 2.6 0.1 4.3 0.1 4.2 0.2

Physiologic Status
Category of Physiologic Derangement SIRS SIRS; sepsis? SIRS; sepsis
Protein Metabolism During Continuous
Feeding

Catabolic Extreme catabolism Extreme catabolism

Log Count 5 3 in 103

AACP/SCCM, American Academy of Chest Physicians/Society of Critical Care Medicine; BG, blood glucose; HR, heart rate; RR, respiratory rate; PLT, platelet; SBP,
systolic blood pressure; SIRS, systemic inflammatory response syndrome; TBSA, total body surface area.
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DISCUSSION

Catabolism of lean body mass causes morbidity during
acute burn treatment23–25 and persists for up to 9 months
beyond full wound healing,26 delaying reintegration of the
burn victim into society.27

This study demonstrated that the most predictive vari-
ables for an increased catabolic response during acute hos-
pitalization are subject weight, burn size, time from injury
to excisional treatment, REE, and the presence of sepsis. We

also found that age, male sex, height, and serum creatinine
each correlated significantly with the degree of catabolism.
Subject weight continued to be a significant variable through-
out the hospital course. Serum creatinine correlated directly
with negative protein net balance, despite the fact that none of
these subjects had clinically relevant renal insufficiency at the
time of study. In only one of the 151 study periods did a subject
have a serum creatinine over 1.3 mg/dL (a 52 year-old male
with a creatinine of 2.58 during a short-lived period of acute
tubular necrosis after excision and grafting). The fact that age,
sex, height, weight, and creatinine are all significant predictors
suggests that total muscle mass may be significant. This infer-
ence is further supported by the lack of correlation between
body mass index (and index of body fat) and measured rates of
protein catabolism. Burn size significantly correlated with the
degree of catabolism in a cubic rather than linear fashion (Fig.
2A). Increases in burn size beyond 40% TBSA did not predict
a more negative protein net balance.

Time from injury to the primary excision and grafting of
the wound was an important predictor of the catabolic
response. Early excision of burn wounds has been shown,

Figure 1. Association between admission weight and negative protein
balance. Data presented as mean 6 SEM.

Figure 2. (A) Association between burn size and negative protein bal-
ance. Curve represents a “best fit” equation of authors’ data; best fit
was a cubic expression as determined by the Akaike information crite-
rion. R 5 0.34. (B) Influence of burn size .40% total body surface area
on catabolism. Data presented as mean 6 SEM. *P 5 .0001 by Student
t test.

Figure 3. Association between time to primary wound excision and
negative protein net balance. Data presented as mean 6 SEM.

Figure 4. Association between metabolic rate and negative net protein
balance. Metabolic rate is expressed as the percentage of energy ex-
penditure predicted by the Harris-Benedict equation (resting energy
expenditure/basal metabolic rate). Data presented as mean 6 SEM. All
groups statistically different (P , .05) from each other by one-way
ANOVA followed by Tukey correction for repeated measures.
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by our institution and others, to directly benefit patients
through reducing blood loss at operation,28 decreasing over-
all hospital stay,29 and limiting serious infectious compli-
cations,30,31 but has not previously been shown to alter the
metabolic response.32

The association between burn-induced hypermetabolism
and muscle wasting has been controversial.3,11 We at-
tempted to control for the effects of circadian rhythms and
surgical stress on catecholamine and cortisol levels by per-
forming all indirect calorimetry measurements and protein
kinetic studies at the same time of the day on postoperative
day 5 after a given serial excision and grafting procedure.
Indirect calorimetry measurements were made in a resting
state between midnight and 5AM, and all 5-hour stable
isotope infusions were begun between 5 and 7AM. We
controlled for dietary intake of protein by feeding all sub-
jects the same enteral formula at a rate normalized for each
individual based on their body surface area and body sur-
face area burned. With tight control of these factors, which
are commonly thought to be confounding influences on
protein and amino acid metabolism, our data confirms a
strong association between metabolic rate and negative pro-
tein net balance.

At the time of the described metabolic studies, only 50%
of subjects deemed septic by the surgical service (burn
sepsis) had documented bacteremia or fungemia. The
AACP/SCCM definition of sepsis was not as strongly pre-

dictive of protein catabolism or, for that matter, of general
clinical status. Both sets of physiologic criteria, however,
did correlate strongly with accelerated rates of both catab-
olism and hypermetabolism, which is consistent with re-
ports regarding the metabolic response to sepsis and surgi-
cal stress in the face of severe illness.1,8,9,33

Admission patient characteristics that did not significantly
correlate with negative protein net balance included the area of
full-thickness (third degree) burn, the type of burn, and the
presence or absence of an inhalation injury. In these subjects,
the area of third degree burn correlated highly with TBSA
burned (on average, 80% of each subject’s burns was third
degree). The fact that full-thickness burn did not correlate with
the catabolic response leads us to conclude that second and
third degree skin burns function similarly in precipitating the
inflammatory hormonal and cytokine milieu that is responsible
for stimulating the protein catabolic response.

Percentage of the study leg burned was not a significant
predictor of the cross-leg net protein balance. Our protein
kinetic model utilizes leg blood flow, in addition to the
difference in substrate concentrations between the arterial
and venous plasma pools, to calculate the net protein bal-
ance across the leg. In the 1970s, Aulick and colleagues34,35

reported that leg blood flow increases proportionally to the
area of burn wound on the leg, and that most of this
increased flow is directed toward the skin. They demon-
strated that muscle blood flow was unaffected despite in-
creased flow to the leg as a whole. We believe the difference

Figure 5. (A) Influence of burn sepsis on hyper-
metabolism and catabolism. Hypermetabolism is
expressed as the percentage of energy expenditure
predicted by the Harris-Benedict equation. Data
presented as mean 6 SEM. *P , .0001 by Student
t test. (B) Influence of sepsis, as defined by the
American Association of Chest Physicians/Society
of Critical Care Medicine, on hypermetabolism and
catabolism. Hypermetabolism is expressed as the
percentage of energy expenditure predicted by the
Harris-Benedict equation. Data presented as
mean 6 SEM. *P , .0001 by Student t T-test.

Figure 6. Association between age and negative protein balance. Data
presented as mean 6 SEM.

Figure 7. Differences in catabolic response between genders. Data
presented as mean 6 SEM. *P 5 .04 by Student t test.

Vol. 232 ● No. 4 Determinants of Catabolism After Burn 461



between these results and ours is that virtually all unburned
areas on the legs we studied were used as donor sites. We
infer then that donor sites have similar effects in blood flow
and catabolism as do burns.

Characteristics of the hospital course that did not corre-
late with measured catabolism included the requirement for
mechanical-assisted ventilation at the time of study, serum
prealbumin, and a visceral acute-phase protein reported to
be a sensitive marker of acute nutritional status.36 Pneumo-
nia and severe wound contamination, which at their greatest
extents are clearly associated with sepsis, do not indepen-
dently alter the systemic physiologic response to burn. Mus-
cle catabolism was not dependent on time removed from
injury during the acute healing phase. A stable catabolic
response in a given individual persists from at least 1 week
postinjury to 2 months postinjury in the patients reported
here. This complements data we recently reported26 regard-
ing the prolonged course of catabolism that persists in burns
over 40% TBSA for up to 9 months postinjury.

In summary, we have shown that greater burn size,
heavier weight upon admission, and longer time to primary
wound excision are important initial factors associated with
an increased rate of catabolism after burn. Throughout the
hospital course, the development of sepsis and severe hy-
permetabolism also are predictive of a more negative net
protein balance. The amount of gross muscle mass appears
to correlate with the eventual magnitude of catabolism, but
not necessarily with risk of mortality. Successful determi-
nation of patients at risk for the greatest degree of muscle
wasting is very useful in directing anabolic therapy to
improve long-term rehabilitation potential.
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DISCUSSION

DR. DOUGLAS W. WILMORE (Boston, Massachusetts): One of the
most common responses to critical injury is loss of body protein,
first described by Sir David Cuthbertson back in the 1930s, with
studies confirmed and extended by Dr. Francis Moore of Boston in
the 1940s and 1950s.

In recent years, we have come to appreciate that protein catab-
olism is related to the extent of injury, the age of the patient, the
closure of the wound, the presence or absence of sepsis, and
gender. Effects of gender were first described by David Hume,
who showed that women did not have as great nitrogen loss as
men. Ivan Johnson from England pointed out that depleted patients
would lose less nitrogen than would their athletic, robust counter-
parts. I mention all these points only to emphasize that it is
reassuring in this world of constant change that many of the
variables that have been described using whole body nitrogen
balance techniques have now been specifically related to skeletal
muscle protein loss using very elegant stable isotopic techniques.
Questions, however, abound.

First, all patients received feedings throughout the study. Were
any of the studies performed in nonfed patients? Or were diets
compared, such as a high-fat diet versus a high-carbohydrate diet?

Second, when anabolic agents were used, was there a dose-
response seen and was a time course evaluated? Can the investi-
gators provide with us pharmacoeconomic data on the efficacy of
these agents and give us advice about how to use these agents in
our specific metabolic patient situations?

Three, the ability to maintain body protein should be related to
some clinical function—improved wound healing, improved im-
munologic responses, improved growth in children, and improved
strength and activity. Specifically, do the authors have data as to
the function of skeletal muscle mass, particularly with the anabolic
agents? Does grip strength or duration of activity or shortness of
convalescence somehow relate to the improvement of net skeletal
muscle protein catabolism?

It is only by continuing these important studies in the metabolic
response to injury that we will be able to improve patient care in
this area.

PRESENTERDR. DAVID N. HERNDON (Galveston, Texas): In this
study, we did not examine anyone in the fasted state. This was
chosen specifically to look at catabolism in the normal state for
burned patients, which now consists of continuous enteral feeding.
However, in 1991 we performed a study with Dr. Dennis Gore
looking at the effects of recombinant human growth hormone on
protein synthesis and degradation in which the patients were fasting.
The values in Dr. Gore’s study were lower than in ours, which is
consistent with negative net protein balances found under all condi-
tions while fasting. Our enteral diet in this study consisted of the same
enteral formula at a rate normalized to each individual’s total body
surface area and area burned. We have recently completed a study in
which we varied dietary composition between high-fat and high-
carbohydrate feeding in the setting of isocaloric, isonitrogenous en-
teral formulas, which we are reporting elsewhere; we found that a diet
that supplies most of its nonprotein calories as carbohydrate, rather
than fat, is anabolic relative to a high-fat diet.

For your second question, to be clear, the data presented in this
paper were all derived from burned subjects who had not received
anabolic therapy prior to these studies. This paper is, in fact, a
summation of control studies done in several anabolic agent re-
search projects over the last 3 years. We have also gathered and

summarized all the anabolic therapy data over this time period.
This includes use of the following anabolic agents: high-dose and
submaximal insulin, IGF-1/IGFBP-3, growth hormone, testoster-
one, oxandrolone, and propranolol. The use of these drugs was
uniformly effective except in children under 21⁄2 years of age. The
least expensive drugs that had salutary effects were propranolol,
insulin, and oxandrolone, with propranolol having the most pro-
found effect. Insulin, at both high and low doses, was also very
promising, though it entails the clinical risk of hypoglycemia.
Oxandrolone is an inexpensive and safe analogue of testosterone
that has recently been discovered by the burn community. Expen-
sive drugs, such as growth hormone and IGF-1/IGFBP-3, may no
longer be the anabolic agents of choice in light of these new
findings. In our studies, we found IGF-1/IGFBP-3 to be very
effective in both burned children and adults, but there was a
disturbing incidence of peripheral neuropathies in our adult sub-
jects, which we will be reporting on later. In terms of dose
response, we did a study with growth hormone at 0.1 mg/kg/day
and 0.2 mg/kg/day, and found the 0.1 mg/kg dose not as effective
in a limited number of burned children. We therefore selected the
0.2 mg/kg dose for study. Dr. Wilmore, however, has used the 0.1
mg/kg dose effectively in adults.

For your third question, we have recently shown that recombi-
nant human growth hormone given at a dose of 0.2 mg/kg/day
throughout hospital stay has a long-term beneficial effect on linear
growth (Lancet1999;354:1789). Height velocity was accelerated
between 6 and 24 months postinjury to the level of normal,
unburned peers. The untreated burned subject group was retarded
in growth, as we had previously reported. In addition, we have
recently completed studies on giving recombinant growth hormone
in the convalescent period. During convalescence from severe
burn, there is a persistent increase in metabolic rate and continued
erosion of lean body mass for several months after full healing of
all skin wounds. We are analyzing that data now, but preliminarily,
there does seem to be an attenuation of the erosion of lean mass
during convalescence with growth hormone treatment.

DR. PALMER Q. BESSEY(Rochester, New York): It is comforting
that this report reinforces many concepts that have guided us in
caring for burn patients over many years, namely, that the meta-
bolic and catabolic responses to injury are influenced by age, sex,
body size—which reflects muscle mass—and burn size. It also is
of interest that the protein catabolic response, so elegantly dem-
onstrated in this study today, reached a plateau at about 40% to
50% total body surface area burn. That is similar to the patterns we
see with hypermetabolism.

The authors suggest that the time to primary excision is another
important variable in treating these patients. This is the first study
that provides good data supporting that concept. If I understand
correctly, when time to excision was an independent predictor of
metabolism, it did not quite reach significance but only did so
within a multivariate calculation. Is not time to excision in part
influenced by how sick the patient is? Early hemodynamic insta-
bility, severe respiratory failure and the like, might well delay the
time to the operating room. Thus, time to excision might well
reflect the severity of illness, just as hypermetabolism and burn
size do in a multivariate equation. I wonder if you could elaborate
on this point?

The other questions I have relate to strategies we might use to
minimize the catabolic draft on the patient’s body protein. Profes-
sor Cuthbertson in his early work estimated that the loss of muscle
mass from inactivity in severely injured patients approximately
equalled the amount lost because of accelerated metabolic muscle
breakdown. I wonder if you have any sense about how much inac-
tivity was an influence in the patients you studied. Presumably,
inactivity would be related to the extent of burn and severity of illness.
Thus, patients with less severe illness and earlier excision would be
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able to resume activity sooner than more severely ill patients, and thus
see earlier reduction in muscle protein breakdown.

John Kinney, of this Association, several years ago emphasized
the importance of avoiding overfeeding. In septic patients, he
found that overfeeding actually drove hypermetabolism and in-
creased metabolic rate. If I understand it correctly, your nutritional
support regimen may provide more calories than many other
approaches. For example, a 2-m2 person with a 50% burn would
get approximately 4,500 kcal, according to the methods reported
here. That would be approximately 50% greater than the amount
provided by several other commonly used protocols, which is
about 3,000 kcal. Is it possible that modification of the nutritional
support you provide might be of some benefit?

Dr. Wilmore pointed out the modifying effect of time on the
demonstrated efficacy of anabolic agents. As I understand it, the
anabolic agent studies were always performed after the convales-
cent or control study, therefore at a moderately late stage of the
patients’ recovery from burn injury. At that point, they would
likely have had lessened degree of hypermetabolism than they
would have had during the control study. How much of an effect
do you think that played in the observations you made?

DR. HERNDON: Dr. Bessey very appropriately points out that by
univariate analysis, the significance of time to excision had aP
value of .06. This is just short of the 95% confidence interval
usually accepted for statistical significance. In the multiple regres-
sion analysis, however, the variability due to the other clinical
factors was accounted for and it became one of the five most
significant predictors of catabolism. And as Dr. Bessey points out,
this is indeed because patients who arrive delayed with unexcised
burns are more ill—they have either heavily contaminated wounds
or frank burn-wound sepsis. In these patients, however, we are
every bit as aggressive in terms of rapid resuscitation and excision
of the wound—perhaps even more so. We believe that the treat-
ment for surgical sepsis is aggressive, definitive surgical therapy—
the source of sepsis must be removed to avoid continued clinical
deterioration and to allow physiologic recovery of respiratory, gut,
and immune functions.

Other strategies frequently used to decrease catabolism include
exercise and anabolic agents. In terms of exercise, both early
mobilization and weight-bearing during the acute wound coverage
period, and focused exercise training during convalescence, are
likely to be beneficial. We have recently engaged our patients in a
3-month aerobic and anaerobic exercise program during convales-
cence. A preliminary analysis suggests that this markedly im-
proves strength and decreases loss of muscle mass.

We believe that exercise is an important clinical variable influ-
encing muscle catabolism in critically ill patients. In this particular
study, however, all patients were treated in a uniform fashion: bed
rest for the first 4 days after each serial excision and grafting
procedure, dressings down on the day 4, passive and active exer-
cise on the days 5 and 6, and then return to the operating room for
the next grafting on day 7. Bed rest was applied to all subjects
identically, and thus was controlled as a potential confounding
variable. We do not believe that more exercise during the first 4
days after a split-thickness skin grafting procedure is practical.

Dr. Kinney has indeed cautioned us to avoid overfeeding (Crit
Care Med1982;10(3):163–72). The amount of nutrition supplied
daily to this group was 1500 kcal per square meter of body surface
area for maintenance plus 1500 kcal per square meter burned. We
have derived this formula and shown that it is the caloric intake
required to maintain total body weight throughout the acute hos-
pitalization in severely burned patients (J Burn Care Rehabil
1988:9;616). That does not mean that this amount of food main-
tains lean body mass, but that it maintains total body mass. It may
be that these patients are getting fat and still losing muscle mass.
Modifications of dietary intake, including combining hypocaloric

regimens with anabolic pharmacologic agents, will be investigated by
our group in the future. However, the concept of hypocaloric feeding
is somewhat worrisome to me—it is very difficult to justify allowing
sick, catabolic patients to lose body mass of any sort.

Twenty-eight of these subjects had two studies, and had not
received any anabolic agents prior to these stable isotope studies.
There was no diminution of the protein catabolic rate between the
early and late time periods. This complements data that we re-
cently reported showing that muscle protein catabolism and ero-
sion of lean mass, as measured by serial body composition studies,
continue many months after full wound healing and discharge
from the hospital.26

DR. WILLIAM G. CIOFFI (Providence, Rhode Island): These find-
ing corroborate those of Kellman and Pruitt, who reported that
hypermetabolism did not increase as burn size increased past 20%
to 30% except in patients who are environmentally stressed. Thus,
it is not surprising that catabolism has a similar relationship.

I have two methodologic questions and several areas in which I
would like to you speculate. First, exercise has a profound effect
on catabolism. Although you commented on your exercise pro-
gram in the rehabilitative state, how did you control for exercise
during the acute hospitalizations and during these studies?

Second, since there was no catabolism in patients with less than
40% burn, why did you keep these patients in the study and in your
analysis of the data, as they comprise approximately 30% of the
population?

This extensive data set has several previously unnoted findings.
First is that children less than 21⁄2 years or less than 15 kg, although
hypermetabolic, are not catabolic. Why do you suppose this is
true? And why do you suppose anabolic agents have little or no
effect in this population?

Second, as previously reported, and Dr. Wilmore alluded to,
males had considerably greater catabolism than females, almost
two-fold. Was there a difference in outcome either in morbidity or
mortality, or, more importantly, as Dr. Wilmore alluded to, in
terms of rehabilitation between your male and female patients?

Next, do you have any data on systemic hormone levels in these
patients, or systemic IL-6 levels, a cytokine which is noted to
correlate with the stress response, but particularly the hormone
levels which Wilmore, Bessey, and others have clearly shown to
correlate with degree of metabolism?

Finally, in a previous publication you noted that time to excision
had no effect on hypermetabolism or catabolism, and yet in this series
you note a profound effect in terms of time to excision and complete
wound excision. Can you provide an explanation for this discrepancy?

DR. HERNDON: Kellmen, Cioffi, and their colleagues at the U.S.
Army Institute for Surgical Research at the Brooke Army Medical
Center have concluded that the metabolic response to burn, mea-
sured as resting energy expenditure, is independent of burn size
beyond 20% TBSA burn when environmental conditions are con-
trolled (Ann Surg1996:223(4);406–12). This was a very nice
physiologic experiment which did show a blunting of the expected
increase in metabolic rate with increasing burn size. In fact, I think
this study corroborates our findings even more strongly than its
authors may suppose. Its only drawback was that it was a rela-
tively small study and enrolled few patients with massive burns
(21 of 44 subjects suffered.40% TBSA burns; only 13 subjects
.50% TBSA burned). The authors concluded there were no dif-
ferences at all over the entire spectrum of burn sizes from 20% to
97% TBSA when environmental conditions were controlled. If you
look at their data, however, there were definite trends—in fact,
their data say with a 90% confidence interval, that burns.40%
TBSA do get more hypermetabolic than burns,40% TBSA
(160% vs. 150% of basal metabolic rate). So there is a 90%
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likelihood that they witnessed the same phenomenon we document
here (namely a difference in systemic metabolic response to burns
,40% TBSA compared with those.40%), but did not recognize
this demarcation due to simple, classic type II error.

We included all patients in this analysis for statistical purposes.
To gain as much power as possible in our multiple regression, the
smaller burns had to be left in with the large burns. There were, in
fact, very few studies done on patients with burn sizes from 20%
to 30% TBSA (11 of a total of 151 studies).

I am not sure why infants do not mount the same catabolic
response as older patients; it may be that some aspect of their
immune system or metabolic function is immature and unreactive
to the insult, or it may be that this age group is extremely anabolic
under normal circumstances, and a zero or slightly positive net bal-
ance is relatively catabolic for them. We do not know what a normal
net balance is in noninjured infants (continuously fed or not).

The gender differences in this study may have been confounded
by the increased size and age of the males studied. There were no
differences in morbidity or mortality between genders in this large
series. Previously, however, we showed a higher mortality in
burned male patients compared with age, weight, and burn size
matched females (Lancet1988;2:1076–7).

Systemic IL-6 is elevated acutely in these patients. We have
previously shown catecholamines, corticosteroids, and glucagon to
be elevated in this patient population, as Dr. Wilmore and Dr.
Bessey previously alluded to.

Time to excision had no effect in a previous study that we
performed. In that study, all patients admitted were randomized to
excision within 72 hours of the time of admission versus having
serial debridements over a period of weeks in our own institution.
This study was very small, with only seven subjects in our early,
complete excision group and six subjects treated by conservative
serial debridement. We did see a trend toward lower metabolic rate in
the early excision group here as well, but we did not have the
statistical power to demonstrate this difference. This is a much larger
series, and I think the increased power has allowed us to document an
effect that had been hinted at, but not previously defined.

DR. PER-OLOF J. HASSELGREN(Cincinnati, Ohio): I have a ques-
tion regarding the effect of IGF-1. In some of our studies, we have
found that IGF-1 is extremely effective in terms of reversing the
catabolic response to burn injury. In contrast, in sepsis, muscles
become resistant to IGF-1. My question is: When you analyzed
your patients, did you see a difference between burn and burn-
infected patients in terms of the response to IGF-1?

DR. HERNDON: We compared this group of protein kinetic studies
that were not influenced by anabolic agents with our pool of studies
that were performed while patients were receiving anabolic agents,
and had these 151 nonanabolic studies from this paper and another 87
pooled anabolic studies. None of our discrete trials using specific
agents had large-enough sample sizes to draw conclusions about
clinical factors that predict or modulate response to these specific
therapies (including our IGF studies). However, when we pooled all
these anabolic studies, we were able to discern interesting information
that we will report later this year. We saw that anabolic therapy, in
general, was efficacious in both septic and nonseptic states.

I should say a word about our definitions of sepsis. Importantly,
this particular topic may introduce some selection bias into our
analysis. As Dr. Pruitt has cautioned the burn community again
and again, it is exceedingly hard to discern sepsis from SIRS in
these sick patients. We have used two definitions, the first being
the standard of care in the medical world in general (the AACP/

SCCM definition), and the second being more commonly used in
the burn community and more germane to burn patients in partic-
ular. Both definitions predicted catabolism and hypermetabolism
in these patients. We have been consistent in our application of
these definitions, but I wish to make it clear that we did not study
the sickest patients in the spectrum of septic illness. We did not
study any moribund patients or patients who needed significant
fluid resuscitation, primarily because stable isotope methodology
requires the plasma volume to be at a steady state during sampling.
We did study ill, septic patients, but all were fairly well compen-
sated on routine critical care support (e.g., continuous IV fluid
infusions, pressors, insulin drips, antibiotics).

DR. BASIL A. PRUITT, JR. (San Antonio, Texas): I would like to
ask Dr. Herndon to explain two apparent discrepancies. The pla-
teau of catabolism when the burn involved 40% or more of the
body surface is certainly not consistent with other studies. Does
that represent the fact that you had converted all the unburned
surface into donor sites, and were really measuring metabolic rates
in patients in whom the skin injury approached 100% of the body
surface by that time? Also, how do you explain your finding that
time postburn did not affect metabolic rate? Additionally, since
physical activity by itself can minimize the proteolysis associated
with inactivity, have you observed an effect of physical therapy on
the response to the anabolic hormone?

DR. HERNDON: I believe you, Dr. Kellmen, and Dr. Cioffi have
witnessed this same phenomenon. The cause of the plateau beyond
40% may well be because all remaining open sites were used as
donor sites, and these patients were essentially all 80% to 90%
open over their entire body surface area throughout the study
periods. It is very interesting to speculate that our mode of treat-
ment may magnify the patient’s metabolic response, but excisional
therapy of deep second and third degree burn wounds is the
universally accepted best treatment for many reasons other than its
metabolic consequences.

These studies were done on postoperative day 5. The requirement
for operations at weekly intervals leaves the patients on bed rest for 4
days after every operation. We do exercise these patients between the
days 5 and 7 with an active physical therapy program, and have
noticed profound effects of physical therapy when given in this
weekly fashion over the entire course of the acute surgical treatment
of these individuals, which may take 2 to 3 months to complete.

DR. STANLEY M. LEVENSON (Bronx, New York): Dr. Herndon,
during the period of hormonal treatment, in addition to measuring
oxygen consumption, did you measure CO2 production, calculate
the respiratory quotient, and see how the proportions of protein,
fat, and carbohydrate oxidation were modified? Also, I might
mention from the historical point of view that it was a little over 50
years ago that John Brash, working with us in the Army Medical
Nutrition Laboratory, showed in burned rats with 33% deep burns
that testosterone would markedly diminish urinary nitrogen excre-
tion on a fixed nutrient intake. The problem with its use in burn
patients was complicated by excess sodium and water retention.

DR. HERNDON: We did determine the respiratory quotient in these
patients. And remarkably, though we were using a high-carbohydrate
and high-protein mixture, fat is still a primary fuel in these individu-
als, as lipolysis continues unabated. The respiratory quotients in these
patients were similar in all cases and approached 1.0.
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